For Reference 


NOT TO BE TAKEN FROM THIS ROOM 


Gx apais 
UNITASTTATIS 


Digitized by the Internet Archive 
in 2023 with funding from 
University of Alberta Library 


https://archive.org/details/Signh1972 


THE UNIVERSITY OF ALBERTA 


A RESISTANCE ANALOG STUDY OF DRAINAGE DEPTH 
AND SPACING IN A GLACIAL TILL SOIL 
by 


C JASPAL SINGH 


A THESIS 
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH 
IN PARTIAL FULFILMENT Of THE REQUIREMENTS FOR THE DEGREE 


OF MASTER OCF SCIENCE 


DEPARTMENT OF AGRICULTURAL ENGINEERING 


EDMONTON, ALBERTA 


FALL, 1972 


a ; \l — i 
wih i 
my od ” Lor 


7 
aes. © ae 


— 


ll | a 
4 ae fe 
ahiers 1a ', 7 . 


fitieyei 0 


iASTHAT Ga 


Das TH ks ed filial od are 


THE UNIVERSITY OF ALBERTA 


FACULTY OF GRADUATE STUDIES AND RESEARCH 


The undersigned certify that they have read, and recommend to the 
Faculty of Graduate Studies and Research, for acceptance, a thesis 
entitled "A Resistance Analog Study of Drainage Depth and Spacing in a 
Glacial Till Soil" submitted by Jaspal Singh in partial fulfilment of 


the requirements for the degree of Master of Science. 


’ 
_ 
. ’ 
aay 
* 
, 


“ay i 


ABS TRACT 


An electrical resistance network analog was used to investigate 
drain depth and drain spacing in a glacial till soil. The "building 
block" approach was followed to represent the soil profile by 
electrical resistances. An impermeable layer was assumed to exist at 
a depth of five feet from the soil surface. The hydraulic conductivity 
of the glacial till soil simulated varied from 0.15 inches per hour 
to 0.45 inches per hour. Three drain depths of 3.0, 4.0 and 4.5 feet 
were simulated for each of twelve drain spacings which ranged from 10 
to 120 feet in successive intervals of 10 feet. The following 
conclusions were drawn from this study. 

ins Soil hydraulic conductivity is a key factor in enabling 
the resistance network analog to give comparable results 
to the field data. 

Ps The drain flow rate as found from the resistance network 
analog was approximately 3.5 to 4.5 times lower than that 
from the field data. The conclusion drawn was that either 
the soil hydraulic conductivity simulated was erroneous or 
that the soil was not isotropic as assumed. 

are The drain flow rate was found to be dependent upon the 
drain depth and drain spacings. As the drain depth was 
increased from 3.0 to 4.5 feet there was an increase in the 
drain flow rate. But, as the drain spacings were increased 
from 10 to 120 feet, there was a decrease in the drain flow 


rate. 
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The streamline distribution showed that the area contributing to 
95 percent of the flow did not increase correspondingly with 

an increase in drain spacing. 

It was concluded that an optimum depth and spacing of the drain 
inwasciactal tilt soi lewase4.5 teet rand between /0 “and 75 feet 


respectively. 
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Chapter 1 
INTRODUCTION 

With the increasing demand for food and fibre by a rising 
population, crop production will have to be increased. To increase 
production, either new land has to be developed or cultivation 
intensified. The amount of arable land in the world is limited so,to 
intensify cultivation, irrigation is essential. This is where the 
problem arises. With irrigation,there is a human tendency to apply 
an excessive amount of water. If the soil is impermeable or slowly 
permeable quite near to the surface, the excess water causes the water 
table to rise and with it the soil salinity increases. This excess 
amount of water and salts have a damaging effect on plant growth. To 
remove this excess water and to leach the salts, thus creating a 
proper environment for plant growth, drainage is the solution. 

Drainage of agricultural land is the removal of the excess water 
by means of open or covered drains, the excess water being either on 
the soil surface or_im the root zone. The excess water on the surface 
soil, which is a problem of surface drainage, can be remedied by any 
method of removing the surface water. The subsurface drainage problems 
are concerned with excess water in the root zone usually caused by a 
high water table. In some areas the water table can be lowered by 
controlling the sources of excess water. But, where an impermeable or 
very slowly permeable layer of soil is quite near the surface, the 
lowering of the water table can only be carried out by providing drains. 

The purpose of drainage is to improve soil conditions by providing 


an environment in the root zone suitable to crop growth. Adequate 
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drainage improves the soil structure thereby sustaining good crop 
yields over a long period of time. Other benefits derived from 
adequate drainage are numerous. For example, it facilitates early 
tillage and planting, lengthens the growing season, provides more 
available soil moisture and plant nutrition by increasing the depth of 
the root zone, improves soil aeration, favours the growth of bacteria, 
leaches excess salts and assures higher soil temperatures (13). 

Considerable portions of the irrigated areas of Alberta and 
Saskatchewan, Canada, consist of coarse to medium textured soils 
underlain at shallow depths by slowly permeable glacial till. Under 
intensive irrigation the slowly permeable glacial till contributes to 
temporary water tables being formed, which are well within the root 
zone. There also iS a salt concentration in the upper two feet of soil. 
Thus for satisfactory growth of crops, drainage is of utmost importance 
in these regions. 

Determining the proper depth and spacing of drains is one of the 
most perplexing problems faced by a drainage engineer. The optimum 
depth and spacing of drains for a drainage system can be evaluated by; 

1. Field experiments, 

2. Laboratory studies involving tank models, 

3. Analytical and numerical analysis, and 

4, Analog systems such as an electrical resistance 
network. 

Field experiments are accurate to a larger degree but they are time 
consuming and are a costly venture. Laboratory studies are also 


accurate if the soil conditions can be properly simulated. Numerical 
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analyses are tedious, time consuming and occasional convergence 
difficulties are encountered but they have the advantage of simplicity 
and requiring no special equipment. The electrical analog, on the 

other hand, produces the same degree of accuracy as the others, requiring 
less time and having the advantage of relaxing the entire network, 

There are two types of electrical analogs; 

1. those utilizing the flow of electricity through 
sheets of electrical conducting paper, and 
2, those using a network of resistors, 

An electrical resistance network analog consists basically of a 
network OL resisters mounted on a panel, a direct current (D.C.) source 
and a voltmeter, The operation is based on the analogy that exists 
between Darcy's Law and Ohm's Law, The reciprocal of hydraulic 
conductivity is represented by resistances, hydraulic heads (pressure 
head plus elevation head) by voltages and the rates of flow by currents, 

The electrical resistance network is more flexible than the 
conducting paper because homogeneous or stratified, saturated or 
unsaturated, isotropic or anisotropic soil conditions can be simulated, 
An electrical resistance network model is well suited for studying 
drainage problems as it will give the desired accuracy in a shorter 
span of time and solutions can be obtained any time of the year when 
suitable field data are available. 

The main objectives of this research were: 

1, To simulate field soil conditions under tile drainage. 
2. To determine the most suitable tile drain depth and 


spacing and compare these with experimental data, 
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3. Evaluation of maximum flow for different 


depth and spacing of tile drains. 
4. Evaluation of the potential distribution 
in the draining soil. 
It is to be noted that the term ‘glacial till soil' implies a 
coarse- to medium-— textured soil underlain at shallow depths by slowly 
permeable glacial till, The description and analytical data of such a 


typical soil have been given in the Appendix, 
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Chapter 2 
REVIEW OF LITERATURE 

The determination of depth and spacing of drains is still an 
empirical exercise. However, research workers have formulated a number 
of formulas based on a systematic and scientific approach for 
determining the depth and spacing of drains. Since soil characteristics 
are quite unpredictable because of the many variables involved, no 
satisfactory formula has yet been derived which will take into 
consideration the many variables and the soil differences. 

Electrical analogs are a useful tool for studying drain depth and 
spacing, if intensive measurement of the hydraulic conductivity has been 
carried out. The advantages of electrical analogs are that they are 
relatively easy to construct and to operate, and the solutions can be 
obtained in a relatively short time. 

2.1 Theory 

There is an analogy between Ohm's Law and Darcy's Law which forms 
the basis of the application of electrical models in the investigation 
of the ground water flow problems. Analogy in simple terms means 
"similarity of properties or relations". 

Tne fundamental equation for the flow of electric current is 


represented by the Ohm's Law, which can be expressed by an equation, 


I = gett os Mode Bee asic nae omit Ae eLes seria ence fs (1) 
where, 
I = current in amperes, a quantity of flow, 
E = pressure in volts, a potential function, 
R = resistance, in ohms. 
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This equation could be given in terms of specific conductance 


instead of the resistance. The relationship is as follows, 


where, 
K = conductance, 
k'= specific conductance, 
A = area, 
L = length. 
Equation (1) could be rewritten as, 
US J at re erg ee ee ae ee ee era eer en CD 
Darcy's Law can be expressed in terms of the following equation, 


Q = ee Fee End as Br age Sar ap, ee es eae 9) 


L 
where, 
Q = the quantity of flow per unit time, 
k = the hydraulic conductivity, 
= = the hydraulic gradient, 
A = the cross sectional area. 


It can be seen from the above two equations of Onm's Law (equation 
3) vand Darcy's Law (equation 4), that I, the quantity of flow, k", the 
specific conductivity, E/L, the voltage gradient, A, the flow area of 
the Ohms Law equation is equivalent to Q, the quantity of flow, k, 
the hydraulic conductivity, H/L, the hydraulic gradient and A, the cross 
sectional area of the Darcys Law equation. 

Darcy, in 1856, showed that the rate of flow of water through sand 
was proportional to the hydraulic gradient. Slichter (25) showed that 


a combination of Darcy's Law and the Law of Conservation of Mass would 
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result in Laplace's equation. Slichter was also the first to recognize 
the similarity of Ohm's Law to Darcy's Law. - 
2.2 Mathematical Solution 

A number of mathematical relationships for the movement of water 
into and through porous soil media have been evaluated by different 
workers. Hall (10) and Muskat (22) have used Darcy's Law and Laplace's 
equation to describe steady saturated flow. Darcy's Law has been used 
to describe steady unsaturated flow with some modifications by a number 
OL investigators (i, 16,24). 

Mathematical solutions were obtained by Kirkham (15) for problems 
involving flat water tables or water ponded on the soil surface. In 
drainage the ponded condition is only temporary, but the data ate of 
engineering importance as it gives the maximum flow into the drain per 
unit time and per unit length. 

Luthin and Gaskel (18), using a numerical method, also known as 
the relaxation method, found an approximate solution to Laplace's 
equation. The numerical method was used for studying tile drainage in 
layered soil. This method is of little value, as tedious arithmetic 
calculations are involved, especially for complex boundary conditions. 
2.3 Resistance Analog 

The similarity of Darcy's Law to the Ohm's Law in the classic 
paper of Slichter (25) has simulated the development of electrical 
models for studying drainage and other problems by a number of research 
workers. Childs, cited by Luthin (19), made extensive use of this 


relationship in his work on a wide variety of ground water problems. 
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He used an electrical analogue made by soaking sheets of filter paper 
in graphite. Analogs constructed of continuous sheet conducters 
(presently a conductive paper invented by Western Union is available 
commercially under the name of Teledeltos) are also described by 

Muskat (22) and Karplus (14). This type of analog is useful for 
studying steady saturated flow in a homogeneous and isotropic media, 
but it is difficult or impossible to use for studying unsaturated flow 
or flow in a non-uniform soil. A number of investigators (6,8,21) have 
used this analog for studying two-dimensional flow through porous 
media. 

An electrical analog which uses a network of variable resistors 
to simulate the distributed properties of the original field is known 
as an electrical resistance network. The theory and technique have been 
well developed by Luthin (19), Liebman (17) and Karplus (14). The 
electrical resistance network is more flexible than the conducting paper 
analog - first developed by De Pack (7) - and can be used to simulate 
flow conditions in soils that are homogeneous or stratified, saturated 
or unsaturated, isotropic or anisotropic. The resistance network has 
an important advantage of instantaneously relaxing the network, a 
procedure which requires many hours of tedious work with numerical 
analysis. 

An infinite number of boundary conditions can be simulated and the 
conductivity of field varied at will by the use of variable resistors, 
Luthin (19) has discussed the methods of selecting different boundary 
conditions, 

Craig (6) built a resistance network based on Luthin's principles 


to determine conditions necessary for a unique solution to a non- 
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homogeneous, anisotropic flow system and to simulate relative 
conductivities of a specific soil profile. Hendricks (12) also used 
a variable resistance network for studying flow through saturated and 
anisotropic soil. 

Worstell and Luthin (30) used a resistance network for studying 
seepage problems. Brutsaert, Taylor and Luthin (3) found that the 
electrical resistance network as described by Worstell and Luthin (30) 
was particularly useful for solving saturated flow problems where the 
potential distribution and total flux are required. 

The electrical resistance analog has been used by Thiel, Vimoke 
et. al. (27) for studying moisture fiow problems for steady state 
lateral flow and saturated flow of water in a three layered soil. 
Vimoke and Taylor (29) presented a method known as the "building block" 
method for calculating and assembling network resistances to represent 
water flow in soils. 

Fitzsimmons and Corey (9) used an electrical resistance network 
for determining equivalent conductivities of soils for steady flow 
conditions. Corey and Fitzsimmons (5) also constructed the electrical 
resistance network for studying saturated flow in irrigation furrows. 

Bouwer (2) used the resistance network for soiving ground water 
problems. He found that predicting the behavior of actual ground water 
systems with a resistance analog requires adequate information on field 
hydraulic conductivities, water tables and boundary conditions. 
Conversely, the use of resistance analog permitted more complete 
utilization of complex field data than any other electric or physical 


model. 
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2.4 Accuracy of Electrical Analog 

Luthin (19) compared the electrical resistance network solution 
with the exact solution obtained by numerical analysis. The resistance 
network gave values of hydraulic head that were identical to the 
numerical values to two places of accuracy. The comparison of the 
network solutions with the analytical solutions of Kirkham (15) 
indicated that the greatest error occurred at points near the drain 
where the hydraulic head was changing rapidly. This error was less than 
one percent in the interior of the region and was up to seven percent at 
points adjacent to the drain. 

Vimoke et al (28) compared the drain flow rates in homogeneous 
medium as evaluated by the resistance network with the analytical 
solutions of Kirkham (15). It was found that the network generally 
deviates less than two percent if the logarithmic expression was used 
to calculate drain resistors while deviations were as high as 30 percent 
or more when a linear relationship was used. 

An electrical resistance analog was constructed by Harper and 
Hammond (11) and was used to simulate water flow in two Florida soils. 
The results compared well with field data and were found to be similar. 

Mein and Turner (20) used an electrical network for study of 
drainage in irrigated sand dunes, They found that errors arose due to 
contact resistance, finite mesh size, setting of resistors and 
variation in the input current sources. This analogue solution was 
thought to be accurate within four percent. 


2.5 Computor model 


A computor model was used by Taylor and Luthin (26) to solve for 


the hydraulic head potential for ponded flow in a stratified soil. 
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1. 
The procedure followed was essentially that reported by Luthin and 
Gaskel (18), the difference being that a high speed computor was used. 
A comparison was made with the exact analytical solution of Kirkham (15). 
The accuracy increased linearly with the reduction in mesh size and 


the deviations of computor results from those calculated ranged between 


one and two percent. 


$i e ma gba ee ra ” - , oe 


yee ox 
wadarla io ‘mueuiter pes: 3 ¢Tacs , danae ats gsiw: ohne. nee moaeeN one 
at 


os 


: ? a9 
ate <i da rat od 
. 


oi 8 


7 iow 
: bas sla jean aid pebisukrs @ild PRA 


- ; n 
i 5 mozi 4: , eh.vean® te eawigzes 
aebgtyd Soars bassin ase on) aged « Ld hed idle = 


S4nrt.cy @* ” 
* = ; 


= 


7 


12 


Chapter. 3 
METHODS AND PROCEDURES 
3,1 Electrical Resistance Network Analog 

The principle of operation of an electrical resistance network 
analog is based on the analogy of Darcy's and Ohm's Law as discussed 
previously. The resistance network analog consists basically of a 
network of resistors mounted on a panel or a board, a D.C. source and 
a voltmeter, The resistors are set to a proper resistance value to 
simulate field soil conditions, 

An electrical resistance network is useful for studying drainage 
problems and mapping of flow nets, The problem under study here is 
determination of the drain flow rate at different depths and spacings 
OpeLucearati inva glacial tiltivsoil, 

3,2 Instrumentation 

The basic instrumentation that is required for an electrical 
resistance network for the solution of a drainage or flow problem are 
the resistors, a network board, a power supply and a voltmeter/ohmeter 
for measuring voltage at different nodes and adjusting the resistors to 
a desired value, 

3.2.1 Power Supply 

The power supply was obtained from a EU-40A Solid State High 
Voltage Power Supply manufactured by Heath/Malmstadt Enke Instrumentation 
Laboratory (figure 1). It provided regulated D.C. voltages in the range 
of 50 to 300 volts up to 20 milliamperes, The D.C. output was 


regulated within one percent, The specification of the power supply was 
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Figure l: 


Power supply 


C 34804 DIGITAL VOLTMETER 
I HEWLETT Pace am D 


Figure 2: 


Digital voltmeter 
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as follows: 


Voltage - 50 - 300 volts D.C, in 50 volt steps, each step 
continuously variable over 50 volt range, 
Current - O - 20 mA regulated 
25 mA with output shorted, 
Regulation - IZ nowlosdetosfull load, 


0.5% with line voltage between 105 to 125 volts. 
a.c.c ~ DC oeVoltmeter 
A digital voltmeter Model 3480A manufactured by Hewlett Packard, 
together with a Model 3484A Multifunction Unit was used (figure 2), 
With this digital voltmeter,resistance settings could be adjusted to a 
desired value and voltages could be read at different nodes on the 
network, 

The Model 3480A digital voltmeter makes positive or negative voltage 
measurements to four significant digits. Polarity selection and display 
are automatic, The sample rate is variable and by means of the front 
panel control in the plug-in unit 1 to 25 samples per second could be 
adjusted, 

The specification of the voltmeter is as follows: 

Dace Volts Function: 

Full Scale Voltage Ranges - 100 mV, 1000 mV, 10V, 100V, 1000V., 
Voltage Accuracy - +(0.01% of reading +0.01% of range) 
Input Resistance - 100mV, 1000 mV, 10V ranges: Greater 


than tos” ohms, 


100V, 1000V: 10 Megohms + 0,12. 
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Ohms Function: 
Full Scale Range - 100 ohms, 1000 ohms, 10 kilohnms, 
100 kilohms, 1000 kilohms, 10 megohms, 
Measurement Accuracy - 1000 ohms thru 1000 kilohms, 
+(0.01% of reading +0.01 % of range). 
Voltage Across Unknown Resistance - 1V at full scale at all ranges, 
3,2.3 Resistance Mounting Panel 
Holes, 5/16 inch in diameter and 3/4 inch apart, were drilled in 
a masonite composition board 0.25 inch by 6 feet by 8 feet. A 
rectangular or a square block of soil is represented by a mesh or 


group of four resistors, A schematic diagram is shown below, 


Banana jacks 


| 


Potentiometers 


Banana jacks were installed in the drilled holes, A square mesh of 
banana jacks were shorted (as shown in the above diagram) to form a 
node or a junction which is further connected to the tip jack in the 
centre. This tip jack was useful in the measurement of the potentials 


at the nodes, The banana jacks were 3/4 inch apart to accommodate the 
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banana plugs of the potentiometer, A full view of the board is shown 
eine rieure ss. 
3.2.4 Potentiometers 
A potentiometer together with its parts are shown in figure 4, 

Resistors with a range of 0 to 5 megohms were used in making the 
potentiometer, The potentiometer banana plugs were 3/4 inch apart so 
that they could be plugged into the board as well as on to the digital 
voltmeter for adjusting the resistance to the desired value. 
3.3 Methods 

The method adopted to represent the soil by a network of resistors 
is commonly known as the "building block" method employed by Vimoke and 
Taylor (29). The soil profile is considered to be composed of discrete 
rectangular blocks of soil, Each block of soil is represented by a 
mesh of four resistors and the meshes are joined to form a network, 
3,54 Representinera Block of Soil 

A square of conducting paper can be used to represent any square 

dimension of uniform soil which has a unit thickness, The same 
information can be obtained by using a group of resistors if the conditions 
that exist inside the boundaries of a square conducting paper are of no 
significance, 

A square piece of conducting paper can be represented by a mesh 
of four resistors in different ways as shown in figure 5, the best and 
most convenient being as shown in figure 5 (b). 

AvrectangularsDlock (of S0d.lm a » by b! §can be represented, by 
resistive paper as shown in figure 6, If this paper is cut horizontally, 


then each section can be represented by a resistor Ra, Similarly, when 
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Figure 3: Resistance network board. 


Figure 4: Potentiometer and its parts. 
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the resistive paper is cut vertically, each section can be represented 


by a resistance Rb. The value of these resistances are as given 


below, 
_ length Naeed peed 
So STITT ana Brie ee ieee 
and, 
# leneth Boy |) = 2b 
Soo seria Gc see ayipo = Boh er moe 


where Ro is the characteristic resistance of the conducting paper. 
Toweheck) the validity. if) a" is=equal»te +b, that isin the 
case of a square block, then the boundary resistors become equal to 
2Ro which is in agreement as shown in figure 5 (b). 
3.3.2 Representing Drain by Network Resistances 
Drain resistances were calculated using the. method cof Vimoke and 
Taylor (29). This method of calculating drain resistances takes into 
consideration the curvature of the drain, A network of fine mesh of 
resistances around the drain was used because of the greater potential 
drop here, 
The mesh around the drain is as shown in figure 7, Mathematically, 
the resistance Rd is given as (29, pp,24-25): 
Rd = a Ro 
where, 
Ro = characteristic resistance of a square sheet of 
conducting paper, 
Zo = characteristic impedance of a transmission line, 


Z'o= characteristic impedance of free space, 


For evaluating Zo and Z'o the following equations have been given: 
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EO 


10g, oP + 6.48 - 2,.34A - 0.48B - 0.12C 


(Figure 7a) 
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permeability of free space 


permitivity of siree *space, 


3.3.3 Calculating and Measuring Drain Flow Rate 


The drain flow rate for different depths and spacings of tile 


drain have been calculated by the following formula (29, p, 30). 


drain flow rate 


where, 


is given in cu ft/ft drain-hr, 


> (d+t- r) 
= DIK aaron aaa 


Ro 


drain flow in cu ft/ft drain-hr. 

hydraulic conductivity of soil in which 

drain is embedded, ft/hr.. 

vertical distance between drain center and the 
SOL. surtace., Lt. 


depth of ponded water, ft. 
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23, 
Pi=Gracdiussoftydrain, aft. 
Ro = characteristic resistance of soil in which 
drain is embedded, ohms. 
Rn = total resistance between top boundary of the 
network and the drain terminal, ohms. 

The above formula is convenient in that the flow is independent 
of the applied voltage and the current. The only value that has to 
be known is the resistance, Rn, across the network which can be 
measured with a greater degree of accuracy, thus avoiding the errors 
introduced by the measurement of voltage and current in other 
techniques. 

For measuring the resistance, Rn, the digital voltmeter's 
Multifunction Unit was used. Of the two terminals, one is connected 
to the drain terminal and the other to the top and furthermost corner 
of the network. The resistance measured between these two points is 
the resistance, Rn, of the network for the particular depth and spacing. 
The other terms, i.e. K, d, t and r, are known and the drain flow rate 
can be evaluated from the above formula. The value of Ro to be used 
in the formula is the characteristic resistance of the hydraulic 
conductivity of that layer of soil in which the drain is embedded. 
3.3.4 Resistance Settings on the Potentiometer 

The digital voltmeter was used to adjust the setting of a 
potentiometer to the desired value. The potentiometer was plugged on 
to the digital voltmeter's Multifunction Unit and by turning the knob 
it was set to give the desired value. The voltage passing across the 
unknown resistance was one volt. The measurement accuracy of this 


instrument was 0.01 percent of reading plus 0.01 percent of range. 
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A fine mesh of resistors was used around the drain as the greatest 
potential drop occurs around this region. In the experimental work 
carried out, a fine mesh of 4 feet by 5 feet was used with a mesh size 
OF O-rmehes by 6 inches. 4.6. the soil simulated by a group of four 
resistors is a block 6 inches by 6 inches, for all depths and spacings 
of the drain. The remainder was a coarse mesh and its size depended 
upon the spacing of the drain. 

3.3.5 Potential Measurements for Equipotential and Streamlines 

Potential distribution can be obtained for a given set of 
boundary conditions. From this potential distribution equipotential 
or streamlines can be sketched so as to obtain the characteristic 
movement of water in the soil under study. 

For obtaining the potential distribution for equipotential lines, 
the top boundary is shorted and an e.m.f. is applied, the drain 
terminal being connected to the graund as shown in Pupure-o.Ca)... ine 
digital voltmeter was used to measure the potential at each node of 
the network. From this potential distribution, equipotential lines 
were drawn by interpolation. 

To obtain the potential distribution for stream or flow lines, 
the boundaries of the network were reversed as shown in figure 8 (b). 
An e.m.f. was applied to previously unconnected boundaries and 
potential measurements were again taken at all the nodes of the 
network. From this potential distribution streamlines were drawn from 
which the direction of water flow can be determined, 

3.4 Procedure 
The procedure adopted for setting up the resistance network and 


the evaluation of the data was as follows: 
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Figure 8. Boundary conditions for measuring potentials for 
(a) Equipotential distribution, and 
(b) Streamline distribution. 
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We The hydraulic conductivity of the glacial till soil for different 
jayers was taken from the work by Rapp (23). Table 1 gives the 
average hydraulic conductivity of different soil layers. 

Paes A characteristic resistance of 0.5 megohms was assumed for a 
hydraulic conductivity of 0.20 inches per hour. With the above 
assumption, the characteristic resistance of other layers was 
calculated and tabulated (table 1). 

TABLE 1: HYDRAULIC CONDUCTIVITY AND CHARACTERISTIC RESISTANCE FOR 


DIFFERENT DEPTH RANGES. 


rr  — ——————— ——eeeeSeeSeesSse 


Range of depth, ft. Average hydraulic Characteristic re- 
conductivity, inches/hr. sistance, kilohms 
i ee ee ew ED Be ee 
Oma. Oc O245 Say HPD 
Wes a OW) Ae 288 
DEON eo es) G26 385 
ie Ouet 2, 0 0.18 25 
Ze Od Oaks) 666 
Oe=" 150 0.40 250 
Hay OY P48) O.22 454 
TAP AO ew 0.15 666 


ae Having calculated the characteristic resistances, the resistances 
of the entire network were calculated. 
4. With the drain diameter assumed as four inches, the resistances 


around the drain were evaluated. 
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The variables chosen in the experiment were depth and spacing. 
Three depths and twelve spacings were selected to be simulated 
on the resistance network. 

The resistances were adjusted to the proper value with the 
digital voltmeter and then plugged on to the resistance 
network board. 

For the measurement of flow, the resistance between the top 
furthermost corner of the network and the drain terminal was 
measured. Using this resistance value for Rn in the drain flow 
formula, the drain flow was evaluated. 

For finding the potential distribution for equipotential and 
streamlines, an e.m.f. of 100 volts was applied to a set of 
boundary conditions as shown in ficure 8e(a), and (bh). ihe 
potentials at all the nodes were determined with the digital 
voltmeter. Equipotential and streamlines were then drawn by 
interpolation. 

Assumptions Made 


The following assumptions were made in the resistance network 


study of drainage of a glacial till soil. 


1S 


Bis 


Oe 


An impermeable layer at a depth of five feet. 

The soil was assumed to be isotropic. 

The soil was assumed to be stratified into different layers 
according to the hydraulic conductivity of the soil at 

different depths. 

The drain diameter of four inches is constant for all depths and 


spacings simulated. 
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28 
The soil is assumed to be saturated and ponded flow was assumed 
to exist. 
In the drain flow formula used, the drain was assumed to be 
flowing full with no back pressure and the drain was completely 
permeable to water. 
A characteristic resistance of 0.5 megohms was assumed for a 


hydraulic conductivity of 0.20 inches per hour. 
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4. RESULTS AND DISCUSSION 

One of the objectives of this study was the simulation of field 
soil Conditions in a glacial till soil under a system of tile 
drainage. The procedure for simulation has been explained in the 
chapter on "Methods and Procedure." 

A soil depth of 5 feet was simulated. The soil was considered 
to be stratified into definite layers and the hydraulic conductivity 
of each soil layer was known. The soil was considered to be 
isotropic, i.e., the hydraulic conductivity was the same in the 
horizontal direction as in the vertical direction. The hydraulic 
conductivity of the different soil layers was taken from a curve of 
estimated and measured variation of the hydraulic conductivity with 
depth (23). Hydraulic conductivity measurements in the field were made 
by the auger-hole method and the piezometer method. 

A fine network mesh was installed around the drain region, A fine 
mesh meaning ene ee block of soil simulated was smaller in size. A 
fine mesh around the drain is used because the potential drop around 
the drain is greater as compared to the rest of the network. For all 
depths, a fine mesh of 4 feet by 5 feet was used with a mesh size of 
6 inches by 6 inches. Because of the similar conditions existing on 
either side of the drain, only haif the spacing of the drain was 
simulated. 

The drain resistances were calculated according to the procedure 
given in chapter 3.3.2. Drain resistances calculated by the above 


procedure takes the curvature of the drain into consideration. 
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4.2 Maximum Drain Flow Rate at Different Depths and Spacings 
eee ee ent eptns.fand (spacings 
For the evaluation of the drain flow rate for different depths 


and spacings, the formula given in section 3.3.3 was used, which is 


as follows: 


(d +t - r) R 


Q = 2K Rn 


fo) 
where, 
Cemnduaingtlowerates cu ft/ft \ drain-hr. 
K = hydraulic conductivity of the soil in 
which the drain is embedded, ft /hr. 
d = vertical distance between drain center 
and the soil ’surface, ft. 
t = depth of ponded water, ft. 
tC = sradiustor .drain ett. 
Ro = characteristic resistance of soil in which 
the drain is embedded, ohms. 
Rn = total resistance between the top boundary 
of the network and the drain terminal, ohms. 
With the resistance network analog simulating a particular drain 
depth and spacing, the depth d and the radius r of the drain are known. 
The thickness or depth of the water applied was assumed to be one inch 
for all spacings and drain depths. The resistance Ro and the 
hydraulic conductivity K for the layer of soil in which the drain is 
embedded must be known for evaluating the drain flow rate. The 


resistance Rn is the total resistance which is measured between the 


top boundary of the network and the drain terminal. 
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As an example for calculating drain flow rate for a drain spacing 
of 30 feet and a drain depth of 3 feet, the hydraulic conductivity K 
of the soil layer in which the drain is embedded is 0.15 inches per 
hour. The characteristic resistance of that layer was 666 kilohms, 
the radius of the drain was 2 inches and the total resistance measured 
across the network was 2215 kilohms. 


The drain discharge or flow rate is 


Me eplere Wine wane aoe rere. 


The drain flow rate at different Spacings and depths have been 
tabulated in table 2. 
4.3 Comparison of the Drain Flow Rate 

The drain flow rate at 30,60,90 and 120 foot Spacings as computed 
from the resistance network analog was compared with the field 
experimental results as reported by Rapp (23). The maximum drain flows 
have been taken from tables (23, pp, 60-63) of experimental work. 

The computation of the drain flow rate from the resistance network 
analog is the maximum for the soil conditions simulated. This can 
only be compared with the maximum drain flow of the experimental data, 
although there are losses due to consumptive use, deep percolation 
and lateral flow. The drain flow rate computed from the resistance 
network analog and field experimental results have been tabulated in 
table 3. 

A study of table 3 shows a large difference in the drain flow 
rates. The maximum drain flow rates as evaluated from the field 


experimental data are approximately four times higher than those found 
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TABLE 2: DRAIN FLOW RATE AT DIFFERENT DEPTHS AND SPACINGS - CU FT/ 


FT DRAIN-HR x 10>. 
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Drain spacing, ft. Deain depth, ff. 
a0) 4.0 ae 
10 30,550 Beige 46.749 
20 20-419 SD IF 37-063 
30 PSS Wa 28.060 305027 
40 £7493 22.455 24150 
50 5.020 192419 21.064 
60 14.187 18.200 19.784 
70 Zn ai 16.768 eyes 7/S) 
80 11. 402 14.936 16.342 
90 10S 372 135493 14.910 
100 ee BS) 119383 132361 
110 S2aL) 10.969 122061 
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from the resistance network analog, which is quite contrary to 
expectations. 

The maximum drain flow rates as abstracted from the field 
experimental data are for transient flow conditions, whereas the drain 
flow rates. calculated from the resistance network analog are for a 
steady state ponded condition. Therefore, the drain flow rates as 
computed using the resistance network analog should be greater than 
those calculated from the field experimental data. 


TABLE 3: COMPARISON OF DRAIN FLOW RATE. 


Spacing, ft Drain flow rate,cu ft/ft/drain-hr. Ratio of 
Resistance Network Field Experimental Differences 
Analog Data 
30 2924 eis ie 4.06 
60 L487, 65-26 4.59 
20 LOR S72 Zon 2.45 
120 O77 69 PAS Weslo} Soe /: 


Another reason why the drain fiow rates from the resistance network 
anaiog should be higher is because of the boundary conditions. In the 
resistance network analog all the flow has to pass through the drain, 
because of the boundary conditions, which is not the case with the field 
experimental work, where water is lost due to deep percolation, evaporation 
and consumptive use. 

A conclusion can be reached that the values used to simulate field 
scil conditions are erroneous. By inspection of the formula for the 


calculation of discharge or drain flow rates, discrepancies could arise 
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from the soil hydraulic conductivity values used, and also from the 
total resistance Rn across the resistance network. 

The soil hydraulic conductivity values are possibly the greatest 
source of variance in the differences found in comparing the drain flow 
rates. The soil hydraulic conductivity for the stratified soil 
Simulated was evaluated from the estimated variation of the hydraulic 
conductivity graph (23, pp. 58). The hydraulic conductivity for the 
estimated variation was measured in the field by the auger-hole method 
and the piezometer method. The differences in the drain flow rate are 
dependent on the estimated variation of the hydraulic conductivity 
which, in this case, was not truly representative of the field soil 
conditions. 

The soil simulated was considered to be Tsotropicy ig.ecssthe 
hydraulic conductivity is the same in all directions. This. is not. true 
wth thegelacials tillesoid.. 7 it is quite possible that the hydraulic 
conductivity in the horizontal direction may be four or more times 
greater than that in the vertical direction. If the soil is not 
isotropic, then the resistance settings of the potentiometer for the 
soil simulated will be different. This, in turn, will affect the total 
resistance Rn, which in turn will affect the computed drain flow rate. 

The second factor that could explain the lower drain flow rates 
from the resistance network is the total resistance Rn. Studying the 
drain flow rate formula, it is seen that the higher the total 
resistance Rn, the lower is the drain flow rate. However, this is 
dependent upon the resistance settings of the resistors which were 
adjusted according to the soil hydraulic conductivity values used. The 


total resistance Rn across the resistance network analog was taken 
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twice, once before and once after taking the potential readings at 
different nodes to check for any error. 

The conclusion of the above discussion is that either the 
hydraulic conductivity of the soil simulated was erroneous or that the 


assumption made for an isotropic soil is not true. 


aoa Comparison of Drain Flow Rate and Depth of Drain for Constant 


Spacing 


The drain flow rate at three different depths for each spacing 
are shown in figure 9. The family of curves indicate that as the 
depth of Stheydrain is increased, there is a corresponding increase in 
the drain flow rate. For example, in the case of a 60-foot drain 
Spacing, as the drain depth was increased from 3.0 to 4.0 to 4.5 feet, 
the drain flow rate increased from 14.2 to 18.2 £O l7veecu ct), 
ft drain-hr. Gon) respectively. The same conclusions were obtained 
by Kirkham (15) in a study of flow through soil having ponded water 
on the surface. 

The curves also indicate that at close drain Spacings the rate of 
increase of drain flow rate is curvilinear, but as the drain Spacings 
increase the drain flow rate increase with depth becomes more linear. 
This means that the rate of flow to the drain increases with an 
increase in depth. As the depth of drain is increased, there is a 
corresponding increase in the area contributing to the drain flow rate. 
This possibly could be the reason for a higher drain flow rate with a 
corresponding increase in drain depth. 

The hydraulic conductivity of the soil from two feet depth 


onwards to the impermeable layer was the same, having a value of 0.15 


a : 
2% “uf * rte atloan a Zz 
as wale gedr at cokor “ies ods wie nal 


_- * 
sii? ee 


Fin + taut 0 ae Ss acae o°2s pale :i io 


2 ) om FOL anh pus 
7 ws - C* 
M wet ghar. 2 suet. & jaf wor satel ea noe Ppagme ped 


Suetewte) eet. vin7. tes 3 i aa sda wort shells ! 
~o— — 2 ———l —— —— Pa 
: ¥ 


7 . " 77 ox 


7 al omareut goths 3a5 4 i eoeu el t = 
: rt 
Sissab Jood-« , Se + 
i = P , a 
_ ee 2, «6? ts i, % i es 1) ‘ id a 4 
2 
wv 2) ow? BOL > weet Ds ml ssi Go 
ten > a 4 iD ie. : 
a 4 U @ 4) o ‘, a * ‘. , = Ls 
a Ts 
. a - 
P —— : a — 
io S367 ef furtive : adgr? poke aw 
= het je ash ‘ =F ' "7 a7 arts). SAT b] 
- , 
a ; ; 
7 zwei! oct Pewmesed. Made o3/ sasijsal 32263 woit “aay 
- : : * 
, 7 ~ . 
= 78 TOV PROSST INS . coS9L 7  Widg ate» arts tact? 4 
: 7 
1 a ‘i 
a ej. Paris pRORSOTIM vil. asBye 1 nar ai & fits oh wt 


ie dg 
“> nee abet atF 62 qalwitiriess wet af os aeeerpn? Gree 


a a : 


i. — a4 : a - 
: HQ? EST diryiwe et 
- : + _ 

ie 225% mad fot P| we ois Ye oe ond wo land : 


aan os ee _ 
ape se ‘ane Aa ayes a er tere uct? 
yy = 


~~ | 
‘gare, eis Wek! i948 toligld © 20% cesses -e, Gu Pines eiieaeg 


7 ‘hie 


sy. 


=2 


DRAIN FLOW — CU FT/FT DRAIN-HR x 10 


Figure 9. 
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inches per hour. An impermeable layer was considered to be a layer 
through which no water could infiltrate and this was considered to be 
at a depth of 5 feet. Therefore, by increasing the drain depth, a 
higher drain flow rate can be achieved within the same soil layers. 

It can also be observed that the closer the drain to the 
impermeable layer the higher the drain flow rate. This increase in 
the drain flow rate with depth could be the result of the boundary 
conditions simulated. 

4.5 Comparison of Drain Flow Rate and Drain Spacings 

A comparison of drain flow rate and drain spacings is shown in 
figure 10. The drain flow rate at close spacings is relatively high. 
At drain spacings from 10 to 40 feet the drain flow rate decreases 
‘Yvapidly. With drain spacings greater than 40 foot, the decrease in 
drain flow rate is more uniform and the curves become asymptotic. 

Figure 10 also shows that the decrease in drain flow rate with 
increasing drain spacings approaches constant limits. Extrapolating 
these curves would indicate that with increasing spacings, there 
would be only a negligible decrease in the drain flow rate. Table 4 
Shows that the differences in drain flow rate at successive spacings 
of the drain reveal decreasing values to 60 foot spacings, a small 
increase in values to 80 foot spacings and steadily decreasing values 
to 120 foot spacings. 

These observations indicate that in this experiment the drain 
flow rate is dependent upon the spacings of the drain, which is 
contrary to Kirkham's (15) solution of ponded water flow to a drain. 
Kirkham indicated that the flow rate into a drain is independent of the 


spacing of the drain, when the drains are more than 20 foot apart. 
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Drain flow tate and drain spacings (A) 4:5 ft depth; 
(B) 4.0 ft depth, and (C) 3.0 ft depth. 
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TABLE 4: DIFFERENCES IN DRAIN FLOW RATE AT SUCCESSIVE SPACINGS - CU FT/ 


FT DRAIN-HR x 107>. 


ee ed ee 


Drain spacings, ft Drain depth-ft. 
ei) 4.0 4.5 
20520 LUS239 10.449 9.666 
20 = 30 62195 UG Pos 7.056 
30 — 40 4.431 5.605 yee 
40 - 50 2.473 3.036 3.086 
oU7-360 G2Go3 tlesealks) L2280 
60/0 1230 ao 2 OS 
70° — 330 popes) LER Se e933 
80 - 90 131030 1.443 L432 
907-100 1.056 L505 1.549 
LOGE EG 1000 P2019 1.300 
110-120 O5326 0.784 0.986 
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4.6 Drain Flow Rate at Different Spacing/Depth Ratios 


For comparison of drain flow rates, the ratio of spacing and 
depth of a drain were formed into dimensionless numbers. The drain 
flow at the various dimensionless numbers are tabulated in table 5, 
being extrapolated from table 2. 

For the resistance network analog constructed for tile drainage 
Jn, a glacial til? soil the spacing/depth ratios plotted against the 
drain flow rate is as shown in figure 11. 

A study of this plot reveals that the drain flow rate shows a 
Tapid decrease to a spacing/depth ratio of 7.5, the rate of decrease 
being approximately linear. From a Spacing depth ratio of 7.5 to 40, 
the decrease in the drain flow rate assumes a curvilinear relationship. 

This graph is useful in interpolating the drain flow rate for any 
particular dimensionless number or spacing/depth ratio. A limitation 
bs that the depth of the drain has to be within the limits of the 
boundary conditions simulated. 

4.7 Flow Patterns by the Resistance Network Analog 

The procedure for obtaining equipotential and streamlines with 
an electrical resistance network analog has been explained in the 
chapter on ''Methods and Procedures". For obtaining the potential 
distribution, an e.m.f. of 100 volts was applied. Potential 
measurements were then taken at each node, the position of each node 
being known. 

Figures 12 to 15 show the equipotential distribution for 30,60, 
90 and 120 foot spacing of the drain. Each of the above figures show 


the equipotential distribution for 3.0, 4.0 and 4.5 foot depth of 
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Figure 11. Drain flow rate and spacing/depth ratio. 
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TABLE 5: DRAIN FLOW RATE AT DIFFERENT SPACING/DEPTH RATIOS. 
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No. Spacing/ Drain flow 
depth cu Et/£t 
ratio drain-hr x 10 
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10 1 gal dE Pail 
vee LZ 0 Ein 
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DEPTH FROM SOIL SURFACE-FT 


5) (Cc) 10 15 
DISTANCE FROM CENTER OF DRAIN-FT 


Figure 12. Equipotential distribution for 30 foot spacing 
(A) 3.0 foot depth, (B) 4.0 foot depth, (C) 4.5 foot depth. 
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Figure 13. Equipotential distribution for 60 foot spacing 
(A) 3.0 foct depth, (B) 4:0 foot depth, 
(CG) 4.5) foot rdepth. 
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Figure 16. Streamline distribution for 30 foot spacing (A) 
3.0 foot depth, (B) 4.0 foot depth, (C) 4:5. Foot depth. 
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drain. Similarly figures 16 to 19 show the streamline distribution 
for 30, 60, 90 and 120 foot spacings. These are typical for the soil 
conditions simulated on an electrical resistance network analog. Each 
figure represents half the drain spacing because of the similar 
conditions existing on either side of the drain. 

It can be seen that as the drain spacings are increased there is 
not a corresponding increase in the area contributing to the drain 
flow. Study of the figures 16 to 19 show that 95 percent of the drain 
flow for half the drain spacing was contributed by an area between 
the drain and a distance of approximately 13 feet on either side of 
the drain for 30 foot spacing, 17 feet on either side of drain for 60 
foot drain spacing, 19 feet on either side of drain for 90 foot drain 
Spacing, and only 17 feet on either side of drain for 120 foot drain 
Spacing. Further observation reveals that the drain depth does not 
have an appreciable affect on the area contributing to the drain flow. 
A possible cause could be the boundary conditions simulated. 

A comparison of the equipotential and streamline distribution with 
field or analog simulation could not be carried out as a study of 
literature revealed little or no interpretation of the flow pattern. 
4.8 Optimum Depth and Spacing of Drain 

The factors governing the depth and spacing of a tile drain system 
are the use to be made of the land and the time in which the excess water 
is to be removed. Various mathematical formulae based mainly on tests 
of hydraulic conductivity have been suggested to estimate the correct 
depth and the spacing between drains. The soil type and system of land 


use still provides the best guide to the optimum depth and spacing of 
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52 
the drain. 


One of the objectives of the study undertaken was to evaluate 
an optimum depth and spacing of the drains in a placiaieritieeori. 
Three depths 3.0, 4.0 and 4.5 feet and twelve spacings 10 to 120 feet 
with intervals of 10 feet were simulated on an electrical resistance 
network analog. Drain flow rates were estimated and potential 
distribution was measured from which an optimum depth and spacing was 
to be evaluated. 

The drain depth should be such that suitable growth of crop can 
be achieved. The deeper the drain the better as it facilitates greater 
drain spacings, but there is a limit due to the cost and also due to 
the presence of an impermeable layer of the soil. The drain flow rate 
should be such that it dewaters the soil faster. Considering the above 
factors, 4.5 foot depth of the drain will give a higher flow rate as 
compared to a 3.0 or 4.0 foot drain depth. Thus an optimum drain depth 
of 4.5 feet is recommended. 

A study of the flow patterns figures 12 to 19 obtained from the 
resistance network analog was useful for obtaining an optimum spacing. 
The study reveals that the distance contributing to 95 percent of the 
drain flow rate was not appreciably greater for a 60 and 90 foot 
spacing. A distance of 17 feet on either side of the drain contributed 
to the 60 foot spacing, and a distance of 19 feet on either side of the 
drain contributed to the 90 foot spacing. Thus an optimum spacing lies 
between these two limits. 

There seems to be some break-even point in the plot of the 
spacing/depth number and the drain flow rate (figure 11). A closer 


examination reveals that the graph could be divided into two straight 
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lines. The point of intersection of these lines could be extrapolated 
to give the optimum spacing. 

By extrapolation of the intersection of the straight lines of the 
graph (figure 11) gives a spacing/depth ratio of approximately 16. As 
the optimum depth of the drain was 4.5 feet, the spacing of the drain 
#8 167x845 )=072 feet's “Thus an optimum drain spacing in a glacial 


till soil is between 70 and 75 feet. 
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Chapter 5 
SUMMARY AND CONCLUSIONS 

The purpose of this research was to study the drain depth and 
Spacing in a glacial till soil by simulating the field 
conditions on an electrical resistance network analog. 
The drain flow rate was calculated by the electrical resistance 
network analog and compared with the field data. Potential 
distribution was also evaluated from the electrical resistance 
network analog. 
Soil hydraulic conductivity is a key factor enabling the 
proper soil profile to be simulated by the resistance network 
analog. Soil hydraulic conductivity should be known in both 
the horizontal and vertical directions if the soil is 
anisotropic. The soil hydraulic conductivity for glacial till 
soil as measured in the field (23) by auger-hole and piezometer 
method was simulated on the resistance network analog. 
A comparison of the drain flow rate as evaluated by the 
resistance network analog and that from the field experimental 
data showed a large difference. The drain flow rate as found 
by field experimental work was approximately 3.5 to 4.5 times 
higher than that calculated by resistance network analog for 
30, 60, 90 and 120 foot spacing with a drain depth of 3.0 feet. 
The conclusion drawn was that either the soil hydraulic 
conductivity simulated was erroneous or that the soil was not 
isotropic as assumed. 
The comparison of the drain flow rate and the depth of the drain 


for constant spacings showed that as the depth of the drain was 
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increased there was a corresponding increase in the drain flow 
rate. For example, for the 30-foot Spacing, as the depth of the 
drain was increased from 3.0 to 4.0 to 4.5 feet, the drain flow 
rate increased from 0,0219 to 0.0280 to 0.0302 cu ft/ft 

drain-hr. respectively. As the impermeable layer simulated was 
at a distance of 5.0 feet from the surface, it was observed 

that the closer the drain to the impermeable leyer the higher the 
drain flow rate. 

A comparison of the drain flow rate and drain Spacing showed that 
the drain flow rate was dependent upon the spacing of the tile 
drain, which was contrary to Kirkham's finding (15). It was 
observed that the drain flow rate was higher at close drain 
spacings. For example, the drain flow rate for a 4.0 foot depth 
and 20-foot spacing was 0.0353 cu ft/ft drain-hr., whereas the 
drain flow rate for 4.0 foot depth and 90-foot spacing was 0.0135 
cu f£t/ft drain-hr. 

A graph was plotted for the drain flow rate and spacing/depth 
ratios. This graph was used in evaluating an optimum spacing/ 
depth ratio for the glacial till soil simulated. 

Flow patterns were drawn for some of the drain spacings simulated. 
It was observed by studying the streamline distribution that the 
area contributing to the flow did not increase proportionally as 
the drain spacing was increased. It was seen that 95 percent of 
the drain flow was contributed by an area between the drain and 

a distance of approximately 13 feet on either side of the drain 


for 30-foot spacing, 17 feet on either side for 60-foot spacing, 


= - es s 
on > es a... } Abas 


| Pe sh ws ea a et Saree : 
rene een ofa GA, | 
1° “Genteeds eee if) sph «ty von teat 0.08 
ed. SHRI GA 84 si een Yye aie Aiath aia Soa arene 
der wold alan 


field Haweile ‘goiseqe sierh ae 94% ld Higse 4) lo Ne aigems @ =] 


eirs'-ails tn Qizinagp bai toy Fpbyteget bony puss diewh ‘acy ; 
ne St. 3187) Gatia a welt A ues sf" iv Salty nia 
need sash) 40, erg) eH wah wal> idee one vais Govrweda ic 
ee tas) F146 GO? S29. Gets irtuse ois ot quests wt J Ree a 


veld ogoens vo @tl-So Bee 


e 
a 
— 


ONS aeeve’ ; Theetest 45\7? ws 
BIG. 6) chew grPiegs 664-08 (bis crag doo! 5 rT Geet, watt vtesd 
hemiaee 2354 ie 

figebigniatgs Gee sor aw) rfarh oii 9et bGsel> Gay fgete « x oun 
Kentoag? @uaires ts qohtpatyes =: Seer coe cme Ae ©. veeEe : 
iiteipmie I gow 3i4 tusaety os tad akgey arya . i 

iceltinade Ueitueig dee’. ou 3: : emas-scr Geant Wie amy AB ae 
Sage Hebaydie iwi, evi lms: yy aie privtute yd Persbase an at 


ree" fost! 42hanta Hey ne 


56 


19 feet on either side for 90-foot spacing and only 17 feet on 
either side for 120-foot spacing. 

ar An optimum depth and spacing for tile drains in a glacial till 
soil as concluded from this study was a 4.5 foot depth and a 


spacing between 70 and 75 feet. 
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APPENDIX 


The following description and analytical data pertaining to the 
soils underlain by glacial till have been taken from the report 
“Land Classification of the Bow River Project" by the Committee of the 


Canada Department of Agriculture, P.F.R.A., Regina, 1960. 


Physical and Chemical Characteristics 
Chin Series 

Order: Chernozemic 

Sub Group: Orthic Brown 

Texture: Silt Loam to very fine sandy loam 

Deposition: Alluvial lacustrine overlying glacial till; 

in a few places it overlies sand 

Topography: Level to gently rolling 

Parent Material: Brown fairly uniform very fine sandy load to 
silt loam with medium lime content. The 
underlying glacial till is mainly of Belly 
River formation origin. 


Types: Very fine sandy loam 


Light loam 
Loam 
Silt loam 


Phases: Chin over sand 
Shallow Chin 
The depth to glacial till usually varies from 20 inches to 6 feet 
from the surface. When the underlying glacial till occurs within 36" 


of the surface the word Shallow is prefixed to the soil series name. 
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This depth has been set tentatively until more information is 
available. A till-like material at from 45 to 60" appears to be 


resorted and is somewhat more friable than the underlying till. It 


varies in thickness from a few inches to over two feet. 
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